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Description 

The invention relates to a semiconductor pres- 
sure sensor as defined in the pre-characterizing part 
of claim 1. 

From US-A-4,373,397 a pressure sensor is 
known having a diaphragm of silicon and including re- 
sistors disposed on the side of the pressure sensor 
subjected to pressure. A ring-shaped cylinder barrel 
extends about the periphery of the diaphragm and 
has a rear face cemented to a wall by an elastic plastic 
material. This pressure sensor does not have a sep- 
arate support element having an opening there- 
through for supporting the semiconductor substrate 
of the sensor. 

The invention is based on the problem of provid- 
ing a semiconductor pressure sensor of the type men- 
tioned at the beginning which is suitable for use at 
high pressures and the output signals of which are 
hardly influenced by form changes of the support ele- 
ment. 

According to the invention this problem is solved 
by the features of the characterizing part of claim 1 . 

In the semiconductor pressure sensor according 
to the invention the connection to the support element 
is on the active surface of the substrate with interpo- 
sition of an elastomer seal. This means that under the 
action of pressure on the diaphragm a force arises on 
the joint between the pressure sensor and the sup- 
port element and makes the sealing action the greater 
the greater the pressure. An additional rigid clamping 
of the substrate to the support element is not neces- 
sary and consequently the desired independence 
from mechanical deformations of the support element 
is achieved. 

Advantageous further developments of the in- 
vention are characterized in the subsidiary claims. 

The invention will now be explained by way of ex- 
ample with reference to the drawing in which the pres- 
sure sensor according to the invention is illustrated in 
a sectional view with its features essential to the in- 
vention. 

The pressure sensor 10 illustrated in the drawing 
includes a semiconductor substrate 12 which has an 
active surface 14 and a rear side 16. Formed in the 
rear side 1 6 is a recess 1 8 so that a diaphragm 20 ad- 
joining the active surface 14 is formed and is sur- 
rounded by thick edge regions 22, 24. 

Formed in the active surface 14 are integrated 
components, for example integrated resistors 26, 28, 
which on deformation of the diaphragm 20 likewise 
undergo a mechanical dimensional or shape change 
and vary one of their electrical parameters, in the ex- 
ample given their resistance. 

The electrical signals are supplied to and from 
the integrated components 26, 28 by means of bond 
wires 30, 32. 

The pressure sensor 10 is disposed in a support 



element 34 which is provided with an opening 36 of 
which the inner peripheral surface forms a step 38. 
The pressure sensor 10 is adhered to the step 38 of 
the support element 34 with interposition of an elas- 
5 tomer seal 40. The adhesive action results from the 
adhesion force active between the materials in- 
volved. As material for the elastomer seal for example 
silicone rubber, butyl rubber or also nitrile rubber may 
be used. Any other material with comparable proper- 
10 ties can of course be employed. 

The support element 34 is mounted in turn in a 
housing 42 which has an opening 44 for introduction 
of the pressure to be measured. As apparent in the 
drawing the pressure acts on the face of the dia- 
ls phragm 20 facing the rear side of the pressure sensor 
10. As a result, the pressure acting generates a force 
which intensifies the sealing action of the elastomer 
40 to an extent which is greater the higher the pres- 
sure. Because of its special mounting the pressure 
20 sensor 10 can therefore be employed for high pres- 
sures. 

For mechanical uncoupling between the support 
element 34 and the pressure sensor 10 a depression 
46 surrounding the diaphragm can be formed in the 

25 active surface of the substrate 12 in the region be- 
tween the diaphragm 20 and the connecting region to 
the support element 34. In this manner, mechanical 
deformations caused by temperature changes in the 
support element are prevented from causing defor- 

30 mations of the diaphragm 20 which would result in a 
falsification of the measurement result This mechan- 
ical decoupling effective in addition to the use of the 
elastomer seal 40 permits hysteresis-free measure- 
ment results which are very extensively free from 

35 temperature influences. 

If a further mechanical decoupling is desired a 
plurality of depressions similar to the depression 46 
may be formed in the thick edge regions 22, 24 of the 
substrate. Formation of such depressions from the 

40 rear side of the substrate 12 is also possible. 

I n the drawing the pressure sensor 1 0 is indicated 
only schematically; it need not be particularly shown 
how electrical signals are supplied and carried away 
because this is not essential to the invention. 

45 

Claims 

1. A pressure sensor comprising: 

so a substrate (1 2) of semiconductor material 

having first and second major surfaces, 

said semiconductor substrate being pro- 
vided with a recess in the second major surface 
thereof extending toward the first major surface 

55 so as to define relatively thick peripheral edge re- 

gions (22, 24) bounding the recess and a relative- 
ly thin pressure-sensitive diaphragm (20) extend- 
ing between said relatively thick edge regions 
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and connected thereto, 

a support element (34) on which said sem- 
iconductor substrate is mounted and supporting 
said semiconductor substrate at the relatively 
thick peripheral edge regions of said semicon- 5 
ductor substrate, 

elastomeric means (40) interposed be- 
tween said support element and the relatively 
thick peripheral edge regions of said semicon- 
ductor substrate and providing a seal between 10 
said support element and said semiconductor 
substrate at the relatively thick peripheral edge 
regions of said semiconductor substrate, 

at least one integrated component (26, 28) 
provided on said first major surface of said sem- 1 5 
(conductor substrate, 

the relatively thin pressure-sensitive dia- 
phragm of said semiconductor substrate being 
responsive to pressure incident thereon to under- 
go mechanical deformation, and 20 

said at least one integrated component 
having an electrical parameter subject to varia- 
tion in response to mechanical deformation of 
said pressure-sensitive diaphragm under the in- 
fluence of pressure, the variation in the electrical 25 
parameter of said at least one integrated compo- 
nent being proportional to the magnitude of the 
mechanical deformation of said thin pressure- 
sensitive diaphragm so as to be indicative of a 
measurement of a pressure to which said rela- 30 
tively thin pressure-sensitive diaphragm is ex- 
posed; 

characterized in that 

said support element (34) has an opening 
(36) therethrough and provides an inner peripher- 35 
al support (38) surface in opposed relation to the 
first major surface at the relatively thick peripher- 
al edge regions of said semiconductor substrate, 

said elastomeric means (40) is interposed 
between said inner peripheral support surface of 40 
said support element and the first major surface 
at the relatively thick peripheral edge regions of 
said semiconductor substrate so as to provide a 
peripheral seal between said inner peripheral 
support surface of said support element and the 45 
first major surface at the relatively thick peripher- 
al edge regions of said semiconductor substrate, 

said at least one integrated component 
(26, 28) being provided in a relatively thick edge 
of said semiconductor substrate adjacent to said so 
pressure-sensitive diaphragm, 

the second major surface of said semicon- 
ductor substrate being free of obstruction and 
positioned for exposure to pressure introduced 
into the opening through said support element, 55 

the relatively thin pressure-sensitive dia- 
phragm of said semiconductor substrate being 
disposed in the opening throug h said support ele- 



ment and being responsive to pressure intro- 
duced into the opening through said support ele- 
ment and entering the recess provided in the 
semiconductor substrate to undergo mechanical 
deformation, and 

the sealing action of said elastomeric 
means between said inner peripheral support 
surface of said support element and the first ma- 
jor surface at the relatively thick peripheral edge 
regions of said semiconductor substrate increas- 
ing in response to the introduction of the pressure 
being measured into the opening through said 
support element and through the recess provided 
in said semiconductor substrate to impinge upon 
the relatively thin pressure-sensitive diaphragm 
of said semiconductor substrate. 

2. A pressure sensor as set forth in claim 1, further 
characterized in that said support element is pro- 
vided with a counterbore to define a shoulder 
along the inner periphery thereof at the juncture 
between the opening and the counterbore and 
extending outwardly from the opening for provid- 
ing said inner peripheral support surface to which 
the first major surface at the relatively thick per- 
ipheral edge regions of said semiconductor sub- 
strate is in opposed relation with said elastomeric 
means interposed therebetween. 

3. A pressure sensor as set forth in claim 2, further . 
including a; housing (42) defining a chamber in 
which said support element is fixedly mounted, 
and further characterized in that 

said housing has an input port (44) in reg- 
istration with the counterbore and the opening in 
said support element and the recess provided in 
said semiconductor substrate for introduction of 
the pressure to be measured. 

4. A pressure sensor as set forth in any of claims 1- 
3, further characterized in that mechanical de- 
coupling means are provided between said sup- 
port element and said relatively thin pressure- 
sensitive diaphragm of said semiconductor sub- 
strate for preventing mechanical deformations in 
said semiconductor substrate caused by temper- 
ature changes in said support element from 
causing mechanical deformations of said rela- 
tively thin pressure-sensitive diaphragm. 

5. A pressure sensor as set forth in claim 4, further 
characterized in that said mechanical decoupling 
means comprises a depression (46) formed in 
said relatively thick peripheral edge regions of 
said semiconductor substrate and surrounding 
said relatively thin pressure-sensitive diaphragm, 
said depression opening onto the first major sur- 
face of said semiconductor substrate and being 
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disposed between said relatively thin pressure- 
sensitive diaphragm and said elastomeric means 
providing the peripheral seal between the first 
major surface at the relatively thick peripheral 
edge regions of said semiconductor substrate s 
and said inner peripheral support surface of said 
support element. 

6. A pressure sensor as set forth in claim 5, further 
characterized in that said depression is disposed 1 o 
inwardly with respect to said inner peripheral sup- 
port surface of said support element for isolating 

said relatively thin pressure-sensitive diaphragm 
of said semiconductor substrate from mechanical 
deformations in said support element caused by is 
temperature changes in said support element. 

7. A pressure sensor as set forth in any preceding 
claim, further characterized in that said elasto- 
meric means is made of a material taken from the 20 
class including silicone rubber, butyl rubber and 

nit rile rubber. 



Pate ntanspru che 25 

1. Drucksensor mit 

einem Substrat (12) aus Hal bleitermate rial mit ei- 
ner ersten und einerzweiten Hauptflache, -\ 
wobei das Halbleitersubstrat mit einer Ausneh- 30 
mung in der zweiten Hauptflache versehen ist, 
die sich so zu der ersten Hauptflache hin er- 
streckt, da& relativ dicke, die Ausnehmung be- 
grenzende Umfangsrandbereiche (22, 24) und ei- 
ne relativ dunne, sich zwischen den relativ dicken 35 
Umfangsrandbereichen in Verbindung mit diesen 
erstreckende druckempfindliche Membran (20) 
gebildet werden, 

ein Tragerelement (34), auf dem das Halbleiter- 
substrat befestigt ist und das das Halbleitersub- 40 
strat an dessen relativ dicken Umfangsrandberei- 
chen tragt, 

ein Elastomermittel (40), das zwischen das Tra- 
gerelement und die relativ dicken Umfangsrand- 
bereiche des Halbleitersubstrats eingefugt ist 45 
und eine Abdichtung zwischen dem Tragerele- 
ment und dem Halbleitersubstrat an den relativ 
dicken Umfangsrandbereichen des Halbleiter- 
substrats bildet, 

wenigstens ein integriertes Bauelement (26, 28) so 
auf der ersten Hauptflache des Halbleitersub- 
strats, 

wobei die relativ dunne druckempfindliche Mem- 
bran des Halbleitersubstrats auf einen auf sie 
einwirkenden Druck so anspricht, da& sie eine 55 
mechanische Verformung erfahrt, und wobei das 
wenigstens eine integrierte Bauelement einen 
elektrischen Parameter hat, der Anderungen in 



Abhangigkeit von der mechanischen Verformung 
derdruckempfindlichen Membran unterdem Ein- 
fluB von Druck erfahrt, wobei die Anderung des 
elektrischen Parameters des wenigstens einen 
integrierten Bauelements der Grd&e der mecha- 
nischen Verformung derdunnen druckempfindli- 
chen Membran so proportional ist, daB sie ein 
MaB des Drucks angibt, dem die relativ dunne 
druckempfindliche Membran ausgesetzt ist, 
dadurch gekennzeichnet, daft 
das Tragerelement (34) mit einer durchgehenden 
Offnung (36) versehen ist und eine innere Rand- 
tragerflache (38) in Gegenuberlage zur ersten 
Hauptflache an den relativ dicken Umfangsrand- 
bereichen des Halbleitersubstrats bildet, 
das Elastomermittel (40) zwischen die innere 
Randtragerf lache des Tragerelements und die 
erste Hauptflache bei den relativ dicken Um- 
fangsrandbereichen des Halbleitersubstrats so 
eingefugt ist, daS eine Umfangsdichtung zwi- 
schen der inneren Umfangstragerf lache des Tra- 
gerelements und der ersten Hauptflache bei den 
relativ dicken Umfangsrandbereichen des Halb- 
leitersubstrats bildet, 

das wenigstens eine integrierte Bauelement (26, 
28) in einem relativ dicken Rand des Halbleiter- 
substrats angrenzend an die druckempfindliche 
Membran angebracht ist, t . : r 

die zweite- Hauptflache des Halbleitersubstrats r n 
frei zugSnglich ist und so angeordnet ist, daft sie 
dem in die fiffnung durch das Tragerelement ein- . .0 
gef uhrten Druck ausgesetzt ist, 
die relativ dunne druckempfindliche Membran 
des Halbleitersubstrats in der durch das Trager- 
element hindurchgehenden Offnung angeordnet 
ist und auf den in die Offnung durch das Trager- 
element hindurch eingefuhrten und in die im 
Halbleitersubstrat angebrachte Ausnehmung 
eindringenden Druck so anspricht, daft sie eine 
mechanische Verformung ausf uhrt, und 
die Dichtwirkung des Elastomermittels zwischen 
der inneren Umfangstragerf ISche des Tragerele- 
ments und der ersten Hauptflache bei den relativ 
dicken Umfangsrandbereichen des Halbleiter- 
substrats abhangig von dem zu messenden 
Druck zunimmt, der in die Offnung durch das Tra- 
gerelement und durch die in dem Halbleitersub- 
strat angebrachte Ausnehmung eingefuhrt wird 
und auf die relativ dunne druckempfindliche 
Membran des Halbleitersubstrats auftrifft. 

2. Drucksensor nach Anspruch 1, ferner dadurch 
gekennzeichnet, daft das Tragerelement mit ei- 
ner Gegenbohrung versehen ist, die langs ihres 
Innenumfangs eine Schulter an der Verbindung 
zwischen der Offnung und der Gegenbohrung 
bildet und sich von der Offnung aus nach auden 
erstreckt, damit die innere Umfangstragerf lache 
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gebildet wird, der die erste Hauptflache bei den 
relativ dicken Umfangsrandbereichen des Halb- 
leitersubstrats mit dazwischengefugtem Elasto- 
mermittel gegenuberliegt. 

5 

3. Drucksensor nach Anspruch 2, ferner enthaltend 
ein Gehause (42), das eine Kammer bildet, in der 
das Tragerelement festangebracht ist, und ferner 
dadurch gekennzeichnet, da& das Gehause eine 
Eingangsoffnung (44) hat, die in Ausrichtung auf 10 
die Gegenbohrung und die Offnung in dem Tra- 
gereiement und die Ausnehmung in dem Halblei- 
tersubstrat liegt, um den zu messenden Druck 
einzufuhren. 

15 

4. Drucksensor nach einem der Anspruche 1 bis 3, 
ferner dadurch gekennzeichnet, da& zwischen 
dem Tragerelement und der relativ dunnen druck- 
empfindlichen Membran des Halbleitersubstrats 
Entkopplungsmittel vorgesehen sind, um mecha- 20 
nische Verformungen im Halbleitersubstrat, die 
durch Temperaturanderungen in dem Tragerele- 
ment hervorgerufen werden, daran zu hindern, 
mechanische Verformungen der relativ dunnen 
druckempfindlichen Membran hervorzurufen. 25 

5. Drucksensor nach Anspruch 4, ferner dadurch 
gekennzeichnet, daft die mechanischen Ent- 
kopplungsmittel eine Vertief ung (46) aufweisen, 

die in den relativ dicken Umfangsrandbereichen 30 
des Halbleitersubstrats gebildet ist und die rela- 
tiv dunne druckempfindliche Membran umgibt, 
wobei die Vertief ung zur ersten Hauptflache des 
Halbleitersubstrats hin offen istund zwischen der 
relativ dunnen druckempfindlichen Membran und 35 
dem Eiastomermittel angeordnet ist, das die Um- 
fangsdichtung zwischen der ersten Hauptflache 
bei den relativ dicken Umfangsrandbereichen 
des Halbleitersubstrats und der inneren Um- 
fangstragerf lache des Tragerelements bildet. 40 

6. Drucksensor nach Anspruch 5, ferner dadurch 
gekennzeichnet, daft die Vertiefung innerhalb 
der inneren Umfangstragerf lache des Tragerele- 
ments angeordnet ist, um die relativ dunne druck- 45 
empfindliche Membran des Halbleitersubstrats 

von mechanischen Verformungen im Tragerele- 
ment, die durch Temperaturanderungen in die- 
sem Tragerelement hervorgerufen werden, zu 
isolieren. 50 

7. Drucksensor nach einem der vorhergehenden 
Anspruche, ferner dadurch gekennzeichnet, daR 
das Eiastomermittel aus einem Material herge- 
stellt ist, das der Klasse entnommen ist, die Sili- 55 
kongummi, Butylgummi und Nitrilgummi enthalt. 



Revendications 

1. Capteur de pression comprenant : 

un substrat (12) forme d'un materiau semi- 
conducteur et possedant des premiere et secon- 
de surfaces principales, 

led it substrat semiconducteur etant pour- 
vu d'un renfoncement amenage dans sa seconde 
surface principale et s'etendant en direction de la 
premiere surface principale de mani&re a def inir 
des regions de bord peripheriques relativement 
epaisses (22,24) delimitant le renfoncement, un 
diaphragme relativement mince (20) sensible a la 
pression et s'etendant entre lesdites regions de 
bord relativement epaisses et raccorde a ces re- 
gions, 

un element de support (34), sur lequel ledit 
substrat semiconducteur est monte et qui sup- 
porte ledit substrat semiconducteur au niveau 
des regions de bord peripheriques relativement 
epaisses dudit substrat semiconducteur, 

des moyens elastomeres (40) intercales 
entre ledit element de support et lesdites regions 
de bord peripheriques relativement epaisses du- 
dit substrat semiconducteur et etablissant une 
etancheite entre ledit element de support et ledit 
substrat semiconducteur au niveau desdites re- 
gions de bord peripheriques relativement epais- 
ses dudit substrat semiconducteur, . , . — .r 

aur moins un composant integr6 (26,28) , 
prevu sur ladite premiere surface dudit substrat 
semiconducteur, 

le diaphragme relativement mince, sensi- 
ble a la pression, dudit substrat semiconducteur 
etant apte a repondre a une pression qui lui est 
appliquee en subissant une deformation mecani- 
que, et 

ledit au moins un composant integre pos- 
sedant un parametre electrique susceptible de 
varier en reponse a une deformation m6canique 
dudit diaphragme sensible a la pression sous in- 
fluence d'une pression, la variation du paramfctre 
electrique dudit au moins un composant integr6 
etant proportionnelle a I'amplitude de la deforma- 
tion mgcanique dudit diaphragme mince sensible 
a la pression de manifcre a §tre indicative d'une 
mesure de la pression dans laquelle est expose 
ledit diaphragme relativement mince, sensible a 
la pression, 

caracterise en ce que 

ledit element de support (34) possede une 
ouverture (36) qui le traverse, et forme une sur- 
face interieure peripherique de support (38) si- 
tuee en vis-a-vis de la premiere surface principa- 
le au niveau des regions de bord peripheriques 
relativement epaisses dudit substrat semicon- 
ducteur, 

lesdits moyens elastomeres (40) sont in- 
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tercales entre ladite surface interieure peripheri- 
que de support dudit element de support et ia pre- 
miere surface principale au niveau desdites re- 
gions de bord peripheriques relativement epais- 
ses dudit substrat semiconducteur de maniere a 5 
etablir une etancheite peripherique entre ladite 
surface interieure peripherique de support dudit 
element de support et la premiere surface princi- 
pale au niveau des regions de bord peripheriques 
relativement epaisses dudit substrat semicon- 10 
ducteur, 

(edit au moins un composant integre 
(26,28)etant pourvu d'un bord relativement epais 
dudit substrat semiconducteur, adjacent audit 
diaphragme sensible a la pression, 15 

la seconde surface principale dudit subs- 
trat semiconducteur etant libre de tout obstacle et 
etant position nee de maniere a St re exposee a la 
pression introduite dans I'ouverture par I'interme- 
diaire dudit element de support, 20 

le diaphragme relativement mince sensi- 
ble a la pression dudit substrat semiconducteur 
etant dispose dans I'ouverture traversant ledit 
element de support et etant sensible a la pression 
introduite dans I'ouverture a t ravers ledit element 25 
de support et penetrant dans le renfoncement 
amenag6 dans le substrat semiconducteur, et su- 
bissant une deformation mecanique, et 
t Taction d'etancheite desdits moyens elas- 
tomeres entre ladite surface iinterieure peripheri- 30 
que de support dudit element de support et la pre- 
miere surface principale au niveau des regions 
de bord peripheriques relativement epaisses du- 
dit substrat semiconducteur augmentant en re- 
ponse a r introduction de la pression mesuree 35 
dans I'ouverture traversant ledit element de sup- 
port et le renfoncement amenage dans ledit su bs- 
trat semiconducteur pour s'appliquer au dia- 
phragme relativement mince, sensible a la pres- 
sion, dudit substrat semiconducteur. 40 

Capteur de pression selon la revendication 1 , ca- 
racterise en outre en ce que ledit element de sup- 
port est pourvu d'un contre-percage servant a 
d6f inir un epaulement le long de sa pe>iph6rie in- 45 
terieure, au niveau de la jonction entre I'ouvertu- 
re et le contre-percage et s'etendant vers I'exte- 
rieur a partir de I'ouverture de maniere a former 
ladite surface interieure peripherique de support, 
en vis-a-vis de laquelle est disposee la premiere so 
surface principale au niveau des regions de bord 
peripheriques relativement 6paisses dudit subs- 
trat semiconducteur, moyennant ('interposition 
desdits moyens elastomeres entre ces surfaces. 

55 

Capteur de pression selon la revendication 2, 
comportant en outre un bottier (42) def inissant 
une chambre dans laquelle ledit element de sup- 



port est monte de facon fixe, et en outre caracte- 
rise en ce que 

ledit boTtier possede un orifice d'entree (44) ali- 
gne avec le contre-percage et I'ouverture ame- 
nagee dans ledit element de support et le renfon- 
cement prevu dans ledit substrat semiconducteur 
pour I'introduction de la pression a mesurer. 

4. Capteur de pression selon Tune quelconque des 
revendications 1-3, caracterise en outre en ce 
que des moyens de decou plage mecaniques sont 
prevus entre ledit element de support et ledit dia- 
phragme relativement mince, sensible a la pres- 
sion, dudit substrat semiconducteur pour emp§- 
cher que des deformations mecaniques provo- 
quees dans ledit substrat semiconducteur par 
des variations de temperature dans ledit element 
de support ne provoquent des deformations me- 
caniques dudit diaphragme relativement mince, 
sensible a la pression. 

5. Capteur de pression selon la revendication 4, ca- 
racterise en outre en ce que lesdits moyens de 
couplage mecaniques comprennent un renfonce- 
ment (46) amenage dans lesdites regions de bord 
peripheriques relativement epaisse dudit subs- 
trat semiconducteur et entourant ledit diaphrag- 
me relativement mince sensible a la pression, le- 
dit renfoncement debouchant dans la premiere 
surface principale dudit substrat semiconducteur 
et 6tant dispos6 entre ledit diaphragme relative- 
ment mince/ sensible a la pression et lesdits 
moyens elastomeres etablissant Tetancheite pe- 
ripherique entre la premiere surface principale au 
niveau des regions de bord peripheriques relati- 
vement epaisses dudit substrat semiconducteur 
et ladite surface interieure peripherique de sup- 
port dudit element de support. 

6. Capteur de pression selon la revendication 5, ca- 
racterise en outre en ce que ledit renfoncement 
est dispose a I'interieur de ladite surface interieu- 
re peripherique de support dudit element de sup- 
port pour isoler ledit diaphragme relativement 
mince, sensible a la pression, dudit substrat se- 
miconducteur vis-a-vis de d6formations mecani- 
ques provoquees dans ledit element de support 
par des variations de temperature dans ledit ele- 
ment de support 

7. Capteur de pression selon I'une quelconque des 
revendications precedentes, caracterise en outre 
en ce que lesdits moyens elastomeres sont rea- 
lises en un materiau choisi dans la categorie in- 
cluant le caoutchouc silicone, le caoutchouc bu- 
tyle et le caoutchouc nitrile. 
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